Antibodies to human papilloma virus (HPV) type 16 (HPV-16) E6 and E7 proteins in serum are markers for HPV-associated invasive cervical carcinoma. We compared two assays, a radioimmunoprecipitation assay with in vitro-translated HPV-16 E6 and E7 proteins and an enzyme-linked immunosorbent assay (ELISA) with E6 and E7 synthetic peptides, for their abilities to discriminate serologically between patients with invasive cervical cancer and controls. Among the patients, antibody prevalences were higher by the E6 radioimmunoprecipitation assay (55.7%) than by the E6 peptide ELISA (15.5%), but among the controls, they were lower by the radioimmunoprecipitation assay (1.7%) than by the E6 peptide ELISA (5%). For E7, antibody prevalences among the patients were comparable by the radioimmunoprecipitation assay (43%) and the peptide ELISA (41%), but among the controls they were higher by the E7 peptide ELISA (17.4%) than by the radioimmunoprecipitation assay (4.1%). There was good agreement between the E7 radioimmunoprecipitation assay and the E7 peptide ELISA among patients but not among controls. In tests with representative sera, heat denaturation of the translated proteins resulted in a complete loss of reactivity to the E6 protein and a marked decrease in reactivity to the E7 protein. Our study showed that the radioimmunoprecipitation assay discriminates better than the peptide ELISA between patients with invasive cervical cancer and controls and that this is related to the ability of the radioimmunoprecipitation assay to detect conformational epitopes. (410) 614-1492. Fax: (410) 614-1491. antibodies to linear epitopes located on small fragments of the proteins. Most recently, full-length radiolabeled proteins, transcribed and translated in vitro (YT), have been used in a radioimmunoprecipitation assay (RIPA) to identify antibodies (15, 20, 22) . This test measures antibodies to both conformational and linear epitopes on the full-length proteins. In view of the diversity of these immunologic assays in different studies, it is not surprising that the antibody prevalence rates varied over a wide range, from 16 to 56% (anti-E6) and 20 to 43% (anti-E7), respectively, in sera from patients with cervical cancer and from 1.7 to 4% and 0 to 15%, respectively, in sera from the corresponding controls.
Diagnoses of human papillomavirus (HPV) infections and HPV-related cancers have traditionally relied on the demonstration of HPV DNA in clinical samples. Many and E7 proteins occur more frequently in patients with cancer than in controls (6, 21) . These proteins are oncoproteins, and they are consistently expressed in cervical cancer cells. In the most recent investigations, the presence of antibodies to HPV-16 E6 and E7 proteins was found to be as strong a marker of invasive cervical cancer as the presence of HPV-16 DNA in the uterine cervix (20, 22) .
A wide variety of reagents and techniques has been used for the detection of antibodies to E6 and E7 proteins. The earliest studies used bacterially expressed full-length fusion proteins as antigens in Western blot (immunoblot) assays (7, 9, 10, 13) . Those tests detected antibodies to linear epitopes, and quantitation of antibody levels was difficult. Subsequently, synthetic peptides representing B-cell epitopes on the proteins were used as antigens in an enzyme-linked immunosorbant assay (ELISA) to detect antibodies (4, 14) . These tests measured antibodies to linear epitopes located on small fragments of the proteins. Most recently, full-length radiolabeled proteins, transcribed and translated in vitro (YT), have been used in a radioimmunoprecipitation assay (RIPA) to identify antibodies (15, 20, 22) . This test measures antibodies to both conformational and linear epitopes on the full-length proteins. In view of the diversity of these immunologic assays in different studies, it is not surprising that the antibody prevalence rates varied over a wide range, from 16 to 56% (anti-E6) and 20 to 43% (anti-E7), respectively, in sera from patients with cervical cancer and from 1.7 to 4% and 0 to 15%, respectively, in sera from the corresponding controls.
In our investigations, many of the serum specimens were tested for E6 and E7 antibodies by both TT-RIPA and ELISA (15, 22) . This provided an opportunity to compare the two tests for their abilities to discriminate serologically patients with invasive cervical cancer from their controls. We report here that, in comparison with ELISA with synthetic peptides, the TT-RIPA detected greater reactivity in sera from patients and lesser reactivity in sera from controls and was therefore the more discriminating test with respect to invasive cervical cancer.
MATERUILS AND METHODS
Serum specimens. The serum donors were participants in a case-control study of cervical cancer in Colombia and Spain (16) . Briefly, the case patients were women with pathologically confirmed incident cases of invasive cervical carcinoma. The controls were population based and consisted of women with normal cervical cytologies and were frequency matched to the cases in age distribution and country of residence. The virological diagnoses were performed by ViraPap, PCR, or Southern blot analysis of exfoliated cells from the cervix for both patients and controls (8) . In the present study, we compared the TT-RIPA and peptide ELISA results for all sera on which both tests were performed. The serum donors comprised 97 patients with invasive cancer with a virologic diagnosis of HPV-16 and 121 controls (15, 22) .
ELISA with synthetic peptides. The identification of immunoreactive regions on the E6 and E7 proteins and the methodology for the peptide ELISA for the detection of antibodies to HPV antigens in serum have been described previously (14, 15 200-,ul volume of RIPA buffer (10 mM Tris-HCl [pH 8.0, 140 mM NaCl, 0.025% NaN3, 0.1% Nonidet P-40) for 16 h at 4°C on a rotator at 30 rpm. The, 80 p.l of 1:1 slurry of prewashed protein A-Sepharose beads (Sigma, St. Louis, Mo.) suspended in RIPA buffer was added and the mixture was rotated for 3 h at 4°C. After washing twice with 300 p.l of RIPA buffer, once with RIPA buffer without Nonidet P-40, and once with 10 mM Tris-HCI (pH 6.8), the beads were resuspended in 100 of sodium dodecyl sulfate (SDS) sample buffer containing 60 mM Tris-HCl (pH 6.8), 2% (wt/vol) SDS, and 100 mM dithiothreitol, and the mixture was boiled for 5 min. After a brief centrifugation, the supernatant was transferred to a scintillation vial containing 10 ml of Aqusol-2 scintillation fluid (Du Pont, Boston, Mass. 15 .5% in ELISA). In contrast to the results with sera from patients, the antibody prevalence in controls was lower by TT-RIPA than by ELISA for all four antigen categories. As a result of this differential reactivity of the sera in the two tests, the odds ratios for seropositivity by TT-RIPA were 5-to 21-fold higher than those for seropositivity by peptide ELISA. The correlation between the two tests was examined by calculating the reactivities by TT-RIPA of ELISA-positive and ELISA-negative sera from patients and controls (Table 2) . Among the ELISA-positive sera, there was a marked difference between patient and control sera in their positivities by TT-RIPA for the four antigen categories; the positivity by TT-RIPA ranged from 73.3 to 80% for case sera but only from 0 to 9.5% for control sera. Among ELISA-negative sera, the positivity by TT-RIPA was also higher for patient sera (range, 17.5 to 66.0%) than control sera (range, 0 to 5.2%). It is noteworthy that 52.4% of the patient sera but only 1.8% of the control sera that were E6 antibody negative by ELISA were scored as positive by TT-RIPA.
We then examined the agreement between peptide ELISA and T7-RIPA separately for patients and controls using the kappa statistics. Concordant results were obtained for 51.6, 83.5, 92.3, and 81.8% of sera in assays for E6 among patients, E7 among patients, E6 among controls, and E7 among controls, respectively. The corresponding kappa values were 0.09, 0.66, 0.18, and 0.09. The level of agreement between TT-RIPA and peptide ELISA was good only for the E7 assays among patients. The level of agreement between the E7 assays for controls and the E6 assays for patients and controls were no better than those expected by chance alone.
We also examined the correlation between the absorbance values of the peptide ELISA and counts per minute of the TT-RIPA separately for patient and control sera. Sera that were negative by both assays were excluded. Among sera from patients, there was a significant correlation between peptide ELISA and TT-RIPA for seroreactivity to E7 antigens (n = 50, r = 0.7932, P = 0.0001) (Fig. 1) but not to E6 antigens (n = 58, r = 0.0962, P = 0.4724) (data not shown). Among sera from controls, there was a negative correlation between peptide ELISA and TT-RIPA for seroreactivity to the E7 protein (n = 97, r = 0.5011, P = 0.0107) but not to the E6 protein (n = 112, r = 0.4640, P = 0.2084).
We examined the effect of combining the results of TT-RIPA and ELISA for the detection of antibodies in serum. The prevalence of antibodies to HPV-16 by peptide ELISA or TT-RIPA was 77.3% among patients and 24% among controls. Effect of heat treatment on seroreactivity in TT-RIPA. In order to determine if the serum reactivity to in vitro-translated E6 and E7 proteins was directed to the conformational epitopes of these proteins, we compared the reactivities of selected serum specimens in the TT-RIPA using heat-denatured and nondenatured proteins. Human sera reacted less strongly with in vitro-translated E7 protein that was heat denatured than with nondenatured E7 protein (Fig. 2) . There 1, 2, and 3) , E6 TT-RIPA and E6 peptide ELISA-positive human sera (lanes 4 and 5), and rabbit antiserum to HPV-16 E6 fusion protein (lanes 6) were reacted with native, in vitro-translated HPV-16 E6 (A) and the same protein after heat denaturation for 15 min at 85°C (B). Native and denatured, in vitro-translated E6 protein are shown as E6(N) and E6(D), respectively. MW, proteins made from luciferase mRNA as molecular mass markers.
was less loss of reactivity for sera that were E7 peptide ELISA positive than for sera that were E7 peptide ELISA negative. In contrast to the human sera, a rabbit antiserum specimen raised against an Escherichia coli-expressed E7 fusion protein showed increased reactivity to the heat-denatured protein in comparison with that of the nondenatured protein. Human sera that were antibody positive by E6 TT-RIPA alone or by both TT-RIPA and E6 peptide ELISA showed no reactivity to in vitro-translated E6 protein after heat denaturation (Fig. 3) . A rabbit antiserum sample that was raised against an E. coliexpressed E6 fusion protein also failed to react with heatdenatured E6 protein by TT-RIPA.
DISCUSSION
The lack of authentic viral proteins has been a vexing problem for the development of serological assays for HPVs. We developed serological assays for HPV-16 E6 and E7 proteins that use radiolabeled in vitro-translated proteins in an immunoprecipitation reaction. This test has the potential to measure antibodies to conformational as well as linear epitopes. In the present study, we compared peptide ELISA and TT-RIPA for the detection of antibodies to HPV-16 E6 and E7 among patients with invasive cervical cancer and controls.
The TT-RIPA was clearly the more discriminating test between patients and controls because, in comparison with the peptide ELISA, it detected antibodies more frequently in the sera of patients and less frequently in the sera of controls. Among the patients, the most striking finding was the higher level of reactivity of sera in the E6 TT-RIPA (56%) in comparison Vith that in the E6 peptide ELISA (15% In contrast to the findings for the E6 protein, the proportions of sera from patients reactive in the E7 TT-RIPA and E7 peptide ELISA were comparable, 43 and 41%, respectively. In addition, the agreement between the tests was good and the level of reactivity of sera in the two assays was strongly correlated. These results suggest that the immunodominant epitopes on the E7 protein are primarily linear. This conclusion is consistent with the findings of other investigators who have detected antibodies to E7 in women with cervical cancer using a variety of assays and reagents that would be expected to detect primarily linear epitopes (21) . However, the decrease in seroreactivity following heat treatment of the in vitro-translated protein indicates that serum also contains antibodies to conformational epitopes on the E7 protein. Furthermore, sera with equivalent reactivities to the nondenatured protein showed variable reactivities to the denatured protein, suggesting that patients differ in their responses to conformational and linear epitopes. Nindl et al. (16a) have also observed that in vitro-translated proteins contain heat-sensitive epitopes and that antibodies to E6 protein in serum are directed against conformational epitopes.
Among the controls, a greater proportion of sera were reactive in the E7 peptide ELISA (17%) than in the E7 1T-RIPA (4%). In addition, there was poor agreement between the assays and antibody levels in the two tests appeared to be inversely correlated. There are several possible explanations for the reactivity of control sera in the E7 peptide ELISA and not in the E7 TT-RIPA. The ELISA-positive results may include false-positive reactions unrelated to HPV infection. Unlike the case patients, only one control woman was HPV-16 DNA positive by PCR of cervical scrapings. It is also possible that the reactivity in the peptide ELISA was due to a crossreaction with other HPVs. Antibodies which have been generated against denatured capsid proteins of bovine papillomaviruses have been shown to cross-react with capsid proteins of many different papillomaviruses, whereas antibodies which are E6 (D) VOL. 32, 1994 Ion September 30, 2017 by guest http://jcm.asm.org/ Downloaded from raised against intact virions are type specific (3, 12) . Similarly, antisera raised against E. coli-expressed proteins and synthetic peptide-encoding fragments of the capsid proteins of HPV have been shown to display broad cross-reactivities to multiple HPV types (1, 19) . If antibodies to linear epitopes on HPV-16 E7 peptides are cross-reactive, the E7 peptide ELISA reactivity among controls may reflect prior infection with other HPV types. It is also possible that antibodies to linear epitopes are a more sensitive marker of past infection with HPV-16 than antibodies to conformational epitopes; for example, it is conceivable that following infection the antibody response to conformational epitopes may decline more rapidly than the antibody response to linear epitopes.
Our study showed that sera from women with HPV-associated invasive cervical cancer recognize conformational epitopes on the HPV-16 E6 and E7 proteins. For the serological diagnosis of HPV-associated invasive cervical cancer, assays that are able to detect antibodies to conformational epitopes are superior to assays that detect only linear epitopes.
